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) HIGI ENERGY PHOTONS FROM PROTON-ITUCILEON COLLISIONS

Re Bjorklund, W. Es Crandall, Be Je Hoyer, H. F. York
Radiation Laboratory, Deparfment of Physics
University of California
Berksley, California

August 15, 1949
I+ IKTRODUCTION

In view of the success of the 184-inch synchro-cyglotrén»in producing the
T mesons observed in high~altitude cosmic ray observations? it seemed erthwhile
to search also for possible evidence bearing on the origin of the §oft oompbnent
of cosmic rayé in the collisions of the 340 lev protons with matters
.‘The mixed showers investigated by Chao(l) end by Fretter(z) indicate the

reneration of electronic radiation associated with theevents which produce meson
[=)

)

\

showers. One may speculate that “this can arise through charge acqeleration(g’
(bremsstréhlung) of the primary proton and of the charged particles ejected in the
evént(s), or through the producﬁion and self-decay of neutral mesons(s), or by the
excitation of very high energy nuclear states, or by some unidentified prbcess whereby
eleotfons or photons are directly projected from the collision evente
Evidence is here .presented for the production of high-emergy photons in
the collision of protons of energies over 175 Mev with the cyclotron target. The
yield end the spectrum seen to ekclude & bremsstrahlung origin, and a Doppler shift
effect excludes a nudleér origine. The observations are consistent with a source
assoclated with;proton—hgc}epn impaéts (as distinguished from proton-nucleus coliisions:
Although the data at this stage are meager and without high precision, it

is considered that they demonstrate an effect worth reporting in preliminary form,

~~
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Becauée of exbonsive development of instrumentation required fdr”furthér‘work, a
considerable time wili be required before a more thorough study can be presented.
In the present réport/experimental details will be mininmized, sinceﬁéﬁése must be

comprehensively treated in such a subsequent paper,

TI, EXPERIMENTAL ARRANGEMENTS

A Instrumentatioﬁ. - Through the ten foot concrete shielding of the

cyclgtfan o holes have been proﬁided-%hose primary purpose-is ‘to permit collimated
beams of neutrons to‘eggrge from two diéferénf target radii. These have been here
employed as ports for viewing the target with a pair counter(7). In Figure 1 thé plan
ﬁiew of the arrangement i; evident, and in Figure 2 a plan view of the pair counter
is showne
‘For»maferializing the photons thin sheets of Ta were empléyed, and for
cpunting the p?ir_electrons proportional counters were used in qﬁadruple ceincidencs.
The rﬁct that'the cycioﬁron beam is pulsed dictates the use of proportiqnal countersv
rather than Geigerﬂcounters with thgir 1png dead-time, since the pulse duration of
the beam at the target is in the néighborhood of 100 p s6C, _ ) .
As the megnetic flux density is varied, to allow detection of pair electr&ns
of different total energies, the deteotion‘efficiency Wili not remain constant, due |
to scattering of electrons in the material of the Ta radiator, It would be necessary
to correct for this variation in scattering loss by caléulations basedvupon multiple-
scattering enalysis if a single radiator were employed 5% various energiesovilnstead

of this, however, in the data presented in Figure 3 the radiator thickness was adjusted

for each'meaﬁ énergy in such a manner as to keép the mean squared angle of scattering

PSR

62 = g

constant. This angle is given by
Lnbt

=1

where avand b are constants; and the values of E at which data were taken were so
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related to the t values of-.OOl"{ .002“,'f004" and .Odé" as ‘to provide constant ;E‘

The magnetic field dimensions were-i?"rx 30" x 1-3/4", When used as shown.
in Figure 2;'the first half of the field is effective in Qlearing ou# eleétron pairs
, from the preceding air column andncollimating fii%?res. This was a necessary pre=-
caution with radiators of the thiclmess and size émployed, the.radiating area of
the tantalum being restricted by their size and by beam collimation to a 1/2" x 1"
rectanglq,

B. Corrections %o Data., - The following factors must be accounted for in

obtaining from the monitored éuadfuplé counting rates the data which are presented
in Figures 4 and 5 and in Table I,
| le Scattefing losses, unless these are made consbtant as described =zbove,
must be relatively calculated, For the absolute yield date given later the scattering
loss must be numerically evaluatéd. |
20 The energy breadth detected varies with the mean energy. Since at
relativistic elgcfron_energies, E = 3OOB€ and since the geometry is the same for
all ensrgioes, é%g' is a constant, For the arrangement of- Fige 2, AE is approximately
3. The photon energy is not uniquely divided between the two electrons of
the pair, Eut Will.rangevin its partition all the way from 0% and 100% for the electron
and positron, reépectively, to the other extreme; énd it is possible to accept in the
counters only the fraction allowed by the range of radii which the counter dimensions
define, |
4, The efficiency of pair production in the radiator will vary with the
energy of the photons. Pair production cross séoﬁions calculated by Heitler(B) have
been used for evaluating the effect of thise

In summarizing these items involved in éreating the data, the formula relatiﬁg‘

counbing rate %o photon flux incident upon the radiator per unit range of energy at
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energy B may be expressed as:

: R
(Nq&w *ALE o f o« QﬁLﬂ"

F(E) =

-where R

quadruple coincidence counts per second

fraction of pairs not lost by scabbering

YZ (E,E)

energy breadth detected

AE =
f = fraction of pairs which are detected
No— %t = pair producfion efficiency of radiator
PP ' ' :

Ce FEnergy and Angle-of-View»Arrgngemeﬁts, - The two neutron holes shown

in Figure 1 allow a limited range of ?roton energies and angles of view to be achiewved.
The hole directeq along the tangent line of the 340 Mev orbit allows, by reversal of
the proton bean, angles of vieﬁiéf 0° end 1800 with respect. to the beam direction,
The hole directed along the tangent to the‘lfo.mbv orbit allows targets Go be placed' 
ab energies between 170 and 340 Mev. |

- : :

- An array of targets which could be raised into position by flip'coils was
placed along this line of view, ﬁith careful attention given tq their egquivalence
from\the standpoint 6f thickness, orienﬁation, end visibility by the pair countef,

The ehergies‘and associated angles of wview for this array were: |
175 oTVesseneeseses 20 and 1760
230 " eescescesese0? and 160°

290 " oooucoooooo.élo and 1390
340 " ..O....oooool}.7o and 1330

Ds Cyclotron Targets. - The high eﬁsrgy photons were observed from any
target materiél; end the relative yiéids are discussed iatér, For the érray of targets
at various energles, each was of carbon, 1/2" thick., The target for which the ébsolute
yield data were most carefully measured was of beryllium, 2 inches in thiclmess.

The energy loss of the 340 liev protons in 2 inches of berylliuwn is aboubt 25 liev,



UCRL-439
- 7-
III, RESULTS

A, Proof of Phobon Identity;‘-lIn order to establish the fact that the

quadruple coincidences observeci vere indeed due ‘to photon=produced pglrs, the follow-
ing kiﬁds of separate observations wefe’ nﬁade' and repeated whenever deemed necessarye

1l Tentalunm radiator removeds This always reducéd the qu’a_drﬁple counting
rate Yo a small number a.pp_ropria’c.e' to pairs from the air plus accidental coincidences.

2e Hagnetic field reduced to zoroe This lefi oniy counts due to acciden”cai
coincidences, amounting to O.l%"qo 1% of ‘che,nno:'c'mal quadruple counting ratbe, de;aending
upon the mean energy for which the field is adjusted.

' 3e Absorber placed in path of one of the pair evlec‘i:rons, with same results

as iﬁ 24 ‘

4. Attenuation of the photons by Pb and Al studied in good goonetrys The
moasured ¢ross sections for a’c.ténua'ting the pair-producing radiabion sgree with s
Laﬁvsor'x.,f.ws(g); valves and are not consistent with any othor lmowm radiation, |

B. The Photon fSpecira and Relative Yields at 0° and 180% = In Fige 4 the

enorgy diétribu'bion ig showm, as vcalcula'bed relatively from the coun‘ting’re:be.'s by
use of Hquation (1), with vl(E,’c) constant os (iqscribed carliers The Doppler shift
effect upon the relative yieids' and the positions of the maximum intensity, due to
reversal of the beam, is evide:i‘c and will be discussed in later scctionse. The data
in Figure 3 alsovinclude ‘ché spectrun of photons yielded by bombardment of a 1/2"
Bev target vﬁ.‘bh 190 lev deutorons. Both the yield', when calculated on an abéol_uté
‘basis, énd the spectrum, in the case of deﬁtérons, are co;lsisten“o with bremss’crahlmlg.
It will be shovm in Section IV that the energy distributions and yiolds for
0° and. 180° become epparontly identicai_when trensformed into a coordinate systen
moving with a relative velocity of f = v/c e 0432 with respect to the laboratory in
the- direction of the incident proton bsamo

The relative yields in the 07 :and 180° direction were approximately measured
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by successive runs of the same \clura’cion on identical carbon targets, which were then
monitored fqr ‘the annihilation gammas of the 20-minu‘§e ¢l1 activity produced by the
pro‘b'on Jbeame The relative activities were consideréd t§ indicate rga.lativé beam
'strengths‘?, naking possible a qomparisoh of the photon yields. By working in the 340
lev posiﬁion at 133°, a comparison with this direction was also includeds In Table
I, the results are related to "chbse predicted by considering thé photons-td be emitted
vfi’ch spheri.c;';zl symmetry in a systém nmoving in the proton beam dire.c_tion with B = v/c =,

0032; and applying the Doppler corrections to solid angle and energy interval.

TABLE I

- Lebe Angle | Relativo ' Predicted
of View . Photon Yield _ Relative Yield
0° 241 % 043 240
1330 ! 1.1 ¥ 0,2 - 12 -
- 1800 1

00 - . 1,00 .

Ce Photon Yield versus Enei'q'. = For evident reas_ons‘__i'b is not possible
with present facilities to erqpioy various 'pro"conlvganergies without als_o changing the
angle of vieﬁri ‘The engles of view associa’béd with the emergies are given in Section
II-C;Qépd indiceted in Figure 4. |

In order to .compu‘!‘;e yield versus energy datafrom the curves of Fige 5, it
would be necessary %o know the angular distribution of the photons in _fcheglaboratory
. system for each proton energye. The meager. data presented, however,\indica'be a yield
rising steeply with energy. At 175 ‘Iﬁev the magnitude and spectrum of the photon
émission are roughly consistent with proton bremss’crahlung; whereas at the next energy,
230 Hev, the yield has gfea’cly exceedsd b?emsstrahlung predictions and the spectrum

begins Yo show the characteristic maximum region, departing distinctly from the l/E

- distribubtione

. It appears reasonable to state that the onset of the emission of the radiation

in question occurs somewhere between 175 and 200 Mev proton energy. Because of the
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momentum gi;tribution of»the_nucleons inAthQ target nuclei, a sharp tbreshold is not
to be expéctéd unfil an experiment with é hydrogen target is performede |

' Do TVield versus Target Element, = In Table II are presented data comparing

the relative yiqlds of phofbns with the relative cross-;ections for inelastic collision
with high energy meutrons for a fow elements distributed'widely.in atomic number,

It will be noted that the bremsstréhiung from deuterons at 190 Mev (proton
energy éf 95 Wev). gives relative yiel@s similar to the relafive inelastic cross
sections, whereaé the éhpton_emission'in ‘the cgse of the 340 Mév protons increases
with Z much more slowly then the cross section for inelastic collision. This sﬁggests

that the processes giving rise to the photons are different in the two cases.

TABLE 1II

Comparisons of Yields end Cross Sections for Different Elements

Be  Cu  Ta

Reletive yield per nucleus of 70 Mev "
photons from 340 llev incident protons 1 248 4
(180° engle of view) ’

Relative inelastic éoilision cross :
"sectipgs for 280 Mev nsutrons 1 5 11

" Relative yield per nucleus of photons _
from 190 Mev deuteron bembardment 1 e ot

Relative inelastic collision cross
sections for 90 Mev meutrons 1 443 8e7

E. Absolute Yield Datae = The curves of Figure 3 can be given absolute

ordinates by evalustion of rz(E,t). From the proton beam current, target data (2" Be),
‘and solid angle data, a cross section for the Be nucleus for produetion of the phétons
is computede

.

The evaluation of yz(E,t) was performed by applying multiple scattering
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enalysis to the contribufion of electron pairs from an element of the radiator of
thickness dx at depth x, finding the mean squared'scattering angle with which they
emerge, and their probability of both recording in the counters. The fraction of pairs
surviving scatteringvloés‘is then found by integrétiop (graphical) over the radiator
thiclness, te. In the caée of O°vangle of view, the value of Y?(E,k} wes 0497, It
was made éppfoximately constent at all energies by the méﬁhod.menﬁioned in II-A. 1In
the cese of 180° angie of view, yz(E,t) was 0484,

The proton current was deternined by nessuring the cll activity.produced in
the cyclotron target and ﬁsing the ¢12(p,pn)ctt cross section ab 345 liev os determingg.
by Peterson(loz |

The resulting cross sections are tabulated in Téble III. The cﬁordinate
system with 3 = 0.32 is the system for which the 0% and 180° distributions transform
- inte a‘uniéﬁe enefgy distribution. There is also some evidence:forvsphérical Symmetry
of photon emission in this syétém, ond this has been assumed in.giving’ﬁhe value for

Yotel production cross section.

TABLE III

Cross Sections per C Hucleus for Production of Photons

Labe System £ = 432 System

Differential cross section invcmz per lev

per steradian for yield in 0° direction v

(at the peek) e o e e e 12 x 1070 85 x 10-30
Seme for yield in 180° direction et e e ee o6 x 1070 .85 x 1030
Integrated over spectrum observed _ _ ag

at 0% in sz per steradian . e ¢ & e o o0 15 x . 107“® o785 x 10-28
Seme for 180° direction ' e e e e s e o35 x 10728 .70 x 10-28
Total cross section for producing ghotons,

assuning spherical symmetry, in cm ® 0 6 06060 6008 6008 1 x 10727
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The wvalues in Table III are not good in an absolute sense to the accuracy
iﬁdicated, but the relative acéﬁfacy warrants the figﬁres given.; In en sbsolute sense,
these are not to be trusted more closely than a factor of two or three.

IV, Analysis of Results

If there is some unique coordinate sysbtem with velocity fc, in which the
photons (or some intermediate particle) are emitted with a sphericelly symmetric angular
distributior, and if I (E) is the spectrum of the photons in that system, then the

spectrum in the laboratory system at an ahgie & will be

.l[ 2 o
l1-0 1 1-£cos B £ )

I (2,8) =17 P cos 6

. ‘ °
whore the Doppler shift and aberration effects have been teken into account. The

spectre shown in Figures 3 and 4, in the case of 340 llev protons, all satisfy the

above condition, within the eiperimental accuracy, 1if we chbose §-=..32..‘Figure 5
shows the four 340 ¥ev spectra of Figures 3 and 4 transformed bo this moving coordinate
s«sfem. (For the sake of clarity,vall curves are normzlized so as tb héve'the same

value at the peake Table I gives'the measured relative values at the peal). The
reasonableness of this value of [ may be seon from the following consideraticns: The
velocity of & 340 lev proton is ;67c,vénd'hence, the [ of the center of mass of such
a proton andta stationary nucleon is .Sé?‘ The nucleons in the target ﬁuoleus are not
stationary, hdwever, since they have kinetic emergies up to zbout 25 liev, and hence
velocities up to about .220._ How, as shown in Iige 4, the process leading to ‘the
production of these phobtons is very energy sensitive, and hénce, the production of
photons presunably oceurs predominately in those collisions where the lergest emount
of energy is avecilable. These collisions are Those which tale place bhetween a 540
HMev proton and a nuclear nucleon moving in the opposite direction, and hence those

vhich lead to lower values for the velocity of the center of momentum. Since, &s

mentioned above, nuclear nucleons may have ['s of the order of .2, a mean effective
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center of momentum veloqity in the range .30¢c - ,35¢c is quite reasonable,

Figure 4 shows that the yield of photons increases by a factor of about 100
" as the proton energy increases from 175 Mev %o 350 Mev, The yield for 175 lev protons
| is about the same as the yield for 90 lev deuéérons and;is consisbtent with bfoton
Eremsstrahlung. If the large increase which occurs bo%gnd this energy is dus to some
other process, then the throshold for this other proceég, as has-alfoady been mentioned,
is somewhere in the neighborhood of 175-200 leve, If we take 25 lev as the maximum
~ energy of nucleéns in the target nucleus, then the meximum energy available for ineias‘cic
Procosses produced by 175 Mev incident protons is about_l?O Heve This energy is ebout
twice the mean energy of the photons observed end suggests perhaps that the photons
- are produced in pa?rs, or that an interﬁediaté-particle with a rest mass equivalent
to twice the photon énergy is.in&blved. It ney also be noted that the threshold for
prbducing T mesons is aiso about 175 Mbv;, and_that.theryielﬁLvé;zénérgy'fesuiﬁs
‘are similar, | | |

V. Inberpretation of Results

In this section we.shall discuss verious possible interpretations of the
origin of these photons, end examine how they fit the experimental data ab hand,
 A. Nuclear excitation | |

N | This possibility may be eiiminated almost immediately on_theoretical grounds e
It may also be eliminatedAon the basis of some of our resultse A very strong evidence
against nuclear excitation is the pronounced depler shift observéd. The shift could
not conceivebly be appropriate to velocities possessed by a nucleus. Further, if this
process were due to some nuclear excitation, then the yleld from 390 Mev alpha particle
bombardment would be expecteéd to be greater than the yield from 340 lev protbn bombard~-
ment, since the alpha particle will in general.lead to a more highly excited nucleus
than the proton. The opposite has been found to be true; 340 lMev protons give a

photon yield some 109 times greater than 390 Mev. alphas,



-

“has an 1ne1ust1c Ccross s90u10n of -about 10'25 em? (1.0 X 10'25, for 280 Lev nsuuronu

B _Bremss%rahlung.

5) Marsh ak and Ashkln(4);'and Serber(ll)llead

Calcﬁlations by Hayakawa(
to tﬂé result that abouf ons'photon in the region of interest of these experiments will
be . produced in about 10% proton=-nucleon interactions. In the case‘of berylliup, which
(2,
these results lead to a cross section for high energy photon production of 107 =29 Clle
This is in agréemcnt with our observed cross sections for 175 lev protong and 90 e
deuterons. The obserwved crbss section at 350 Mev, however, is about 100 times larger:

than this predicted valus. Further, the shape of.the spoctra and, in particular, the

raepid increase in yield with proton energy do not conform to amykmnwntype of brems-

'strahlung.

Ce Nucleon isobars (excited nucleons)s
In this process it is assumed that in the proton—nuelebn collision one of

tho nucleons becomes excited and then subsequently loses its excitation through phofon

enissione If it is assumed That in the coordinate system in which the isobar is a

rest thevphotdhs are'mono-energetic, or at least have an energy spread narrow compared
to the 6b$erved'spréad shown in Fige 5,'thi§ possibility may'also be ruledvout-by ‘the
following considerations. JAnalysis of Fige 5 shows that Lho onerr" of the excited
state would in this case be about 80 Hove ‘Fige 3 shows that 40 ilev photons are
observed in the forward (0°) direction. This requires that there be isobars moving

n a direction opposite to that of the bombarding proton with a velocity of o6¢ce. This
cen only happen ifrthere ere nucleons in the nucleus with momenta corfesponding o
energies in excess of 250 Hev.” |

D. Excited State of a TV Mesons

This possibility is not completely excluded, if the lifetime of the excited

_ : ' o ¢!
*The essential idea here is that the struck nucleon acts independently Yof the others

present, except that it has considerable kimetic energy due to its being bound. See
for instance R. Serber, Phys. Reve, 72 1114 (1947) and Goldberger, Physe Revs 74,
1269 (1948).



| lovel is sufficiently short. However, the threshold occurrihg for gvéilable energy
values bélow 200 Mev‘does'not égreé woll with the mass of Ay-meson plus the mess
equivalent of an 80 Mév,photon. | |
E..iNeutral'MésonSo
In this process it is aSsﬁméd that the proton nuciepn coilision results in
the productibnvaf a neutral meson which theh decays into two éhotons. Such a process

(6)

has been‘suggested by iewis; Oppenheimer and Wouthuysen as a possible origin of the
soft component in cqsmic_radiationo |

| On the basis of this assumption, the observations lead to mass of zbout 300
electron masses for‘the neutral meson.invblved. A particle of this type, with a half /
life of less than 1Q;11 sec, fits all of our present observations. Since thisvpa;ticle
is so light comparedxﬁo a proton, velooities of ;%Q in the center of momentun systém

of the célliéion’ére allowed, and hence the broad disbribution of ‘photon enorgies may

be explainéd, The apparent threshold near 175 Mev and the rapia riseiiﬁ yield from
'175.Mev>to 350 mbv is also about whab Wﬁgld be expected fpr‘this process, and the

yield at 340 liev is the same order of'magnitudé'as tho meson yield at this eneréy.
Caleulations by Taylor(ls) and Harshax(14) of the_expected photon spectra from this
process are very similar to those obsefveé.* The neutral meson hypothesis is also in
agroemént, as is . also the isobar hypothesis, With the experimental observation that
‘the energy of the peak of the phofon Speétrum'occurs at opproximately the same value,
independent of the proton energy,.when trensformed to the proper coordinate systere
.%he,existence of a neutral meson is clearly not required at tﬁé present

stage of th? experiments, but is the only one of the above five hypotheSGS‘wﬁich seens
to fit the experimentel data. |

A plamod experiment to determine whether the photons are emitted singly or

*it'may be noted that the'energy distribution of the hypothetical neubral mesons
could be calculated from betler data of the type given in Fig. 5.

“
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in pairs will distinguish cleaxfly between D and E, as woll as betwoen C and Ee

VI Experiments in Preparation

Several si.gnifi'can‘cv experimental }tes’cs are clearly implied by the foregoing
results énd discussiona | |
:’»1.,;A liquid hydrogen target experiment is‘considefed to determine a threshold
without tho mcertéinties due to.thé momenta of nucleons in nuoléi; “This will also
give the p-p collision yield, t; be compared with the nixbure of p-p end p-n collision
yields from other light nuclei,. |
| 2e¢ A specifically-d_esignsd pé.ir coﬁ.nter is in design with which more precise
energy and angle distributions cen be obteined .in reasonable cbunting periods. From
such measuremonts better ini‘o_mation on the proper photon energy smc’cruﬁ can be obtain-
ed, with conseciuen‘b improvement of info.ma'bion about the e::is’c“ernce and méss of an

intermediate particle, and better data on absolute yield.

3o

1oud cha.ﬁxber experimenbal progrem has been s’ca.zfted, 'in.fc‘pope'ration
with Dre E.}Haywﬁj;ld, sqel;ing the enswer ‘about whether the phot.ons .are em'it’ced. 51ng1y
or in'pairs., | |

| 44 Simple experiments ge_omt»‘ricall‘y. defining the region of emiSsion of ‘the
photons have already shown the lifetime of any intermediate particle to be .<v1C‘)"'11.

sece This type of experiment will;f)e improved.

v‘VII - Aclnowledgements

The authors wish to express their appreciation of the stimulating interest
of Profe B« 0s Lawrenco, and of the cooperation of tho cyclotron crew under James

Vale and the electrenics staff under H, De Farnsvorthe

This work was done under the auspices of the Atomic Energy Commission.

Information Division
9/13/49 :hw



UCRL-439

-16-
Reforencos .

(1) C. Y. Chao, Phys. Rev. 75, 581 (1949)
(2) We B Frette;, Physs Reva, _‘_7_§_, 511 (i949)
(3)  S. Hayakawa, Phys. Rev., 75, 1750 (1949) ‘
(4) Jo Ashlkin and R. E. Harshalk, Phys.. Rev., _:I_é, 58 (1949)
(5)  Le I. Schiff, Phys. Rev.,.zg, 89 (1949)
(6) =~ H. Lewis, J. R. Oppenheimer, and Se mmuthﬁgsen, Phys. Rev., 3@}.127 (1948)’
(7 B De HacDaniel, G« von Dardel, and R. L.ﬁwalker,_Phjs. Reve, 72, 985 (1947)
(8) W. Heitler, Quan‘bl;m Theof'y of Radié.tion; '2nd Edition, (195’6) Oxford Unive Press
(9) Je Lawsor, Phys. Rey.,.zé,m445 (1949) |
(10) - Ve Pe'b'erson,"bo be published | —
(1.1‘) R. Serber, private communication
(12)  J. DeJuren,to be published
© (18)  T. Taylor, private comunication

(14) Re E. Marshak, private communication



YOKE

MAGNET ’

COLLIMATING
340 MEV

< 10 FT —

HOLE

CONCRETE

PAIR
COUNTER

~COLLIMATING HOLE
170 MEV

340 MEV PROTON ORBIT

170 MEV PROTON ORBIT

v

CYCLOTRON TANK

FIG. I

PLAN VIEW OF EXPERIMENTAL ARRANGEMENT

139531



I - &dbrl

SY43ILNNOD dIVd 40 MIIA NVd
¢ 914

SY31INNOD ¥43840S8Y
TVNOI1L¥0dOY¥d

d1314d JIL3INOVIN
40 3NITLNO

[/

- _-fi;l.
| . M
| | -
— T G NO LOHd H
|
|

] ol

4OLviavy o)




RELATIVE YIELD

ANGLE OF VIEW

OO
T 1
'}/-\{( ANGLE OF VIEW
| ‘ / 180° _
I/ ,
X/
4
i - !
1 FIG 3
)l(\ : . : :
;- FROM 190 MEV DEUTERONS RELATIVE G‘AMMA YIELD vs ENERGY
\l /’ x10 FROM 2" Be TARGET, BOMBARDED WITH
\l . ANGLE OF VIEW 180° 350 MEV PROTONS %
\\ ‘ ’
A
~—
Il : , -
1 | B it A SO L L 1 |
40 60 80 100

7- ENERGY - MEV-

120 140 160 180 200



YIELD

RELATIVE

T T T I ] I

RELATIVE 7 YIELD FROM 1/2"C TARGET FOR VARIOUS
_ ~ PROTON. ENERGIES

L 4

A: PROTON ENERGY

180 MEV ; ANGLE OF VIEW =178°

i B ‘n " = 230 m ) n " | u» |59°
C: 1] [1] - 290 n : [1] I.l ) | []] |39°
(5 D: o z 3.40 " S “ " | 133°
(4
(3

COMPOSITE. DATA FROM 5-5-49

/ 8 4-15-49

44+ % —
3+ . a
ol | |
B8 \ _
o - _
0 ] A &~ : —o 5 ] l
0 20 40 60 80 100 120

7 - ENERGY (MEV)
FIG. 4a

- 13836-1



18

RELATIVE GAMMA YIELD

&

T T T— I T | '
RELATIVE GAMMA YIELD FROM 1/2" CARBON TARGET AT VARIOUS
PROTON ENERGIES \
16~ \ ; ~ —
A: PROTON ENERGY=180 MEV;ANGLE OF VIEW :2°  COMPOSITE DATA FROM
| g o . 2030 " ¢ " "ow o /"74-5-49 8 5-13-49
C: ‘ 1] - " =290 " '
|4}~ ANGLE OF VIEW =41° .
D: PROTON ENERGY =340 MEV
" ANGLE OF VIEW = 47°
| D
12~ 1
lof- :
8- oi_
6~ c ]
O
4= .
Al % )
_\6
g §\Q\§\ ) v \O :
‘ | _ | ! O ~——t——Oeee> —
40 60 80 100 120 140

20

7 -ENERGY ( MEV)

FIG. 4b ) 13830-1"



YIELD

RELATIVE

o b 0 - 180°
. )(_. Oo

O 5 X , ® - 470

® A - 133°

X X v

A .o
O
A
A

" ENERGY DISTRIBUTIONS TRANSFORMED TO SYSTEM

WITH [B=.32 IN DIRECTION OF PROTONS.

50 100 ' 150
MEV
FIG. 5

13971t-1





